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I'eHeTnueckue aclieKTbl HEHH(PEKIMOHHOI0 3HAOKapAuTa
Yy NaneHTOB ¢ aHTU(OCPHOINNHUTHBIM CUHAPOMOM
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AHHOTAIINA

BBemeunue. Autudochbonmunuansiii cuaapom (APC) mpezcrapiiseT co60d ayTOMMMYHHYIO0 TPOMOOGDIINIO, TPH KOTO-
pO#i y TallMeHTOB ¢ KJIIMHUYECKUMU KPUTEPUAMU PEIUAUBUPYIOIINX apTEPUATIHHBIX U BEHO3HBIX TPOMOO30B U/ HJIH MATO-
Jioruell 6epeMeHHOCTH OOHAPYKUBAIOT ITOJIOXKUTEJIbHBIE PE3YJIbTAThI JIAOOPATOPHBIX MCCIEIOBAHUN HA HAJUYUE aHTHU-
dochomunuaaeix anTuTesn (ADJI). eHeTHUeCKas! PEPACIIONIOKEHHOCTh K HEMHGDEKIUOHHOMY 2HIoKapauty (HD) y
narueHToB ¢ ADC ocraercs CJI0KHOM U MajIon3y4eHHOH TPO6IeMOH.

1T e 5. BolsiBiieHNE BO3MOXKHBIX ACCOITUATHBHBIX CBA3€N MEXKAY HOTUMOP(IU3MaMH TeHOB-KaH/IU/IaTOB 1 9H/IOKAPIUTOM
HenH(}EKIMOHHOTO TeHe3a y manueHToB ¢ ADC, a TakKe pa3BUTHEM BO3MOXKHBIX TPOMOOIMOOIIUECKUX OCJIOKHEHHUH.
MaTtepuansl U MeTOABl. B uceienoBaHuy ydyacTBOBaIN 35 IIAIMEHTOB B BO3pacTe 43.0 + 13.9 rozaa. IIpu stom
OCHOBHBIMH IIPHU3HAKaMH, xapakTepusytomumu HI npu ADC, ABsaauch oTpUIlaTeIbHAs FeMOKYJIbTYPa, HOPMOTEPMUS U
OTCYTCTBHE SIBHBIX 9XOCKOITMYECKUX ITPU3HAKOB NMHPHUIIUPOBAHUA (YTOJIIEHNE U YIIOTHEHNE CTBOPOK KJIAIAHOB, MUHH-
MaJIbHas perypruranus). F3ydeHsl 1oauMop@u3Mbl 18 TeHOB B KaYeCTBE BO3MOXKHBIX MOJIEKYJISIPHO-T€HETHIECKHUX Map-
KEPOB pa3BUTHUsA U/uiau nporeknuu HI y 35 nanueHToB ¢ AQC: mepBUYHBIN UATHOCTUPOBAH y 15 nanueHToB (18.5 %),
BTOPUYHBIN — ¥ 20 MAIIHEHTOB ¢ AayTOMMMYHHOM TIaToJI0THeH (24.7 %).

PesysbTaThsl. Brepsbie 1yist mosimMopdpusMoB rs6025 (1691 G>A) rena F5, 4a/4b rena NOS3, rs1800795 reHa IL6, rs1805087
(2756 A>G) rena MTR BbIsIBJIEHA IOCTOBEPHAS aCCOIMATUBHAS CBSI3b C PA3BUTHEM BeTeTAINI Ha KJIAITAHHOM atrapaTe cepia
ipu ADC. JIj1s1 2 mosiumoppusMoB — 151126643 (807 C>T) rena ITGA2 u 151799889 (-675 5G>4G) rena PAI1 (SERPINE?) BbIsiB-
JIEHA acCOUANsA ¢ TPOMOOIMOOINUECKUMU OCJIOXKHEHUAMH (0CTpOe HapyIIeH e MO3IOBOr0 KpoBoobparieHust) mpu HI.
3aknwuenue. llerecoo6pasHO MPOBOAUTH T€HOTUIUPOBAHUE HEKOTOPBIX OJTHOHYKJIEOTUHBIX ITOJTUMOPDU3ZMOB Y
nanueHToB ¢ ADC.

Kmouessle croea: anTuochOoTUNUIHBIA CHHAPOM, FeHbI-KaH/TU/IAThI, OJTHOHYKJIEOTUHBIN TIOJTUMOP(DU3M, TeMOCTa3,
TPOMOG03MOOINYECKIIE OCIOKHEHH.

OoO0paszen muTupoBaHuAa: baxapesa 10.C., Makcumos B.H., Yamaesa H.H. 'eHeTruecKue aceKThl HEMHDEK-
IIMOHHOTO HZOKAP/NTA ¥ MAIHEeHTOB ¢ aHTHdochomunuaabM cuazpomoM // Journal of Siberian Medical Sciences.
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Genetic aspects of non-infectious endocarditis
in patients with antiphospholipid syndrome
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ABSTRACT
Introduction. Antiphospholipid syndrome (APS) is an autoimmune thrombophilia in which patients with clinical
criteria for recurrent arterial and venous thrombosis and/or pregnancy failure show positive laboratory results for the
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presence of antiphospholipid antibodies (aPL). The genetic predisposition to non-infectious endocarditis (NIE) in patients
with APS remains a complex and poorly understood problem.

A im . Revealing of possible associations between polymorphisms of candidate genes and non-infectious endocarditis in
patients with APS, as well as the development of possible thromboembolic complications.

Materials and methods. Thestudyinvolved 35 patients aged 43.0 + 13.9 years. At the same time, the main
signs characterizing NIE in APS were negative blood culture, normothermia, and the absence of obvious echoscopic signs
of infection (thickening and induration calcification of the valve leaflets, minimal regurgitation). Polymorphisms of
18 genes were studied as possible molecular genetic markers for the development and/or protection of NIE in 35 patients
with APS: the primary disorder was diagnosed in 15 patients (18.5%), secondary — in 20 patients with autoimmune patho-
logy (24.7%).

Results. Forthefirst time, for polymorphisms rs6025 (1691 G>A) of the F5 gene, 4a/4b of the NOS3 gene, rs1800795
of the IL6 gene, rs1805087 (2756 A>G) of the MTR gene, a significant association with the development of vegetations on
the valvular heart apparatus in APS was revealed. Two polymorphisms, rs1126643 (807 C>T) of the ITGA2 gene and
1rs1799889 (-675 5G>4G) of the PAI1 gene (SERPINE1), were found to be associated with thromboembolic complications
(acute cerebrovascular accident) in NIE.

Conclusion. Itisreasonable to perform genotyping of some single nucleotide polymorphisms in patients with APS.
Keywords: antiphospholipid syndrome, candidate genes, single nucleotide polymorphism, hemostasis, thromboembolic
complications.
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BBEJAEHUE

Anrtudochomunuaueiii cuaapom (ADC), Bmep-
Bble M3Y4YEHHBbIH U ONHCAHHBIA B Hadajge 1980-X
TOJIOB, TIPEJICTABJIsIET cOO0H ayTOMMMYHHYIO TPOM-
00¢wINio, MPU KOTOPOH y MAIUEHTOB C KJIUHHYE-
CKUMHU KPUTEPUIMH PENUIUBUPYIONIUX apTEPUATIb-
HBIX U BEHO3HBIX TPOMOO30B W/WJIH TATOJIOTHEH
OepeMeHHOCTH OOHApYKHBAIOT IIOJIOKUTEJIbHBIE
pe3yIbTaThl Tab0PATOPHBIX UCCIIEOBAHUN HA HAJIH-
yre antudochomunuaubix anturesn (ADJ) [1]. s
Bepudukannu auarno3da AO®C 1ocTaTouHO HATMYUE
OJTHOTO KJIMHUYECKOTO KPUTepHUsi: TPOMOO3 COCY/IOB
WIN aKyIllepcKas MaToJIOTHsI U OJHOTO jabopaTop-
HOTO: OOHapy:KeHHEe BOJYAHOYHOTO AHTHUKOAry-
sasuTta (BA), antuten K kapauonununy (AKJI) u/umu
aHTUTEN K Oera-2-rukomnporenny [ (f2-T'TID) [2].
KinuHuueckue MpOsIBIEHUsI, HE BXOSIIHE B 00Ie-
NMpU3HAHHBIE  KJIacCH(UKANMOHHBIE KPUTEPUH,
BKJIIOUAIOT B ce0s: HEBPOJIOTHYECKUE (Xopes, Mue-
JIUT U MUTPEHb) U TeMaTOJIOTH4YecKHe (TPOMOOIUTO-
MeHWsA U TeMOJIUTHYEecKas aHeMUs) CHMIITOMBI,
PEeTUKYJISIpHOE JINBEI0, He(GPOIIATHIO U TTOPaKeHHe
KJIAIIAHOB CepAIa — HeMH(PEKIIMOHHBIN SHIOKAPIUT
(H9) [3]. [TepBonauanbuo ADPC GBLI OMKCAH Y TALIH-
€HTOB C CHUCTEeMHOU KpacHou Bosiuankou (CKB) —
BBISIBJIAIETCS IIPUMEPHO y 7—15 % MaIeHTOB U acCo-
nuupyercs ¢ 6osiee TAKEIBIM TeUEHUEM, HO TaKKe
MO’KeT BO3HHUKATh U y MAIUeHTOB 06e3 ayTOMMMYyH-
HBIX 3a00sieBaHUl — TepBUYHbBIA ADC [4].

[TaToduU3nOIOTUYECKNE MEXaHU3MBbI, JIeXKallre
B OCHOBE TPOMOO3a U aKyIIepCKOU IMaTOJIOTHU TIPH

INTRODUCTION

Antiphospholipid syndrome (APS), first studied
and described in the early 1980s, is an autoimmune
thrombophilia in which patients with clinical criteria
for recurrent arterial and venous thrombosis and/or
pregnancy failure show positive laboratory results
for the presence of antiphospholipid antibodies
(aPL) [1]. To verify the diagnosis of APS, it is suffi-
cient to have one clinical criterion — vascular throm-
bosis or obstetric pathology, and one laboratory
criterion — detection of lupus anticoagulant (LA),
anticardiolipin antibodies (aCL) and/or anti-beta-2-
glycoprotein I (f2-GPI) antibodies [2]. Clinical man-
ifestations that do not correspond to the generally
accepted classification criteria include: neurological
(chorea, myelitis and migraine) and hematological
(thrombocytopenia and hemolytic anemia) symp-
toms, livedo reticularis, nephropathy and heart valve
disease — non-infectious endocarditis (NIE) [3]. Ini-
tially, APS was described in patients with systemic
lupus erythematosus (SLE) — it is detected in approx-
imately 7—15% of cases and is associated with a more
severe course, but it can also occur in patients with-
out autoimmune diseases — primary APS [4].

The pathophysiological mechanisms of throm-
bosis and obstetric pathology in APS are due to the
inhibition of factors of the hemostasis and fibrino-
lysis system, as well as the activation of the comple-
ment system [5]. Complement system is a complex
of enzymes and regulatory proteins of the innate
immune system that plays a key role in the develop-
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A®C, obycioBiieHbI WHTHOUpOBAaHHEM (PaKTOPOB
CUCTEeMbI TeMOcTa3a u GUOPUHOIIN3A, a TAKKE aKTU-
BaIyel cucremMbl komiuiemenTa [5]. KommiemenT —
3TO cucreMa (PEPMEHTOB M PETYIATOPHBIX OEJTKOB
BPOXKJIEHHON UMMYHHOUM CHCTEMBI, KOTOPAs UTPAET
KJIIOUEBYIO POJIb B PA3BUTHUH BOCITAJTUTEILHOU PeaK-
nuu. [IyTm KOMIUIEMEHTA W KOATYJIAIUHA MEXKITY
€000 TeCHO CBA3aHBI, KOMILUIEMEHT MOKET aKTUBHU-
poBatbcs y namueHToB ¢ AOC U JelicTBOBaTh KaK
KOdaKTOp B IIaToreHe3e TPOMOO3IMOOIHMIECKHUX
ocioxkHenni [6]. XoTsg MexXaHM3Mbl AKTHUBAIUMU
komIiuieMeHTa npu AOC MOJHOCTHIO HE U3YyYEHBI,
MIPEJIII0JIarafoT, YTO AKTUBAIIHSA KOMIIJIEMEHTA aHTH-
TeslaMu K ocdounugaM ITPUBOAUT K paclerie-
Huio C5 ¢ ob6pa3zoBaHNEM aKTUBUPOBAHHBIX (PAKTO-
poB C5a u C5b; C5a crtocobeTByeT BhIpabOTKE TKaHE-
BOro (pakTopa HEUTPoUIAMHU, YTO, B CBOIO OUEPED,
00yCI0BJIMBAET MPOKOATYJISTHTHYIO CIOCOOHOCTh U
yrHeTaeT ¢pubpunous [7, 8].

l'eneTnueckas IpepacnosoKeHHOCTh K HI y
manueHToB ¢ A®C ocraercsi CJI0KHOW U MaJIOU3Yy-
JyeHHOU mpobsiemon. CoobimaeTcsi 06 accoruaTHB-
HbIX cBA3s1X DR wiau DQ (rpymmbl aHTUTEHOB THCTO-
coBMecTuMOcTH) ¢ pazButueM AQ®C 1 reHeTHYeCKIX
puckax npoaykiuu AKJI B ciyuae noumopdusma
B2-TTII ¢ 3ameHoii BanmuHa (247) Ha JIeHIUH [9].
HMmeercst HEOOIBIION 00bEM JJAHHBIX OTHOCUTEIHHO
accoranui OJTHOHYKJIEOTH/THBIX MTOJTUMOP(PU3MOB
B reHax remMocrasa 1 (oJIaTHOTrO IUKJIA ¢ PA3BUTHEM
sHokapauToB npu A®C [10, 11].

HOEJIb NCCJIEAOBAHUA

BrisiBSIEHE BO3MOKHBIX aCCOITMATUBHBIX CBA3EH
Mexay nosmMopdusMamMu 18 reHOB-KaHIUIATOB U
SHZIOKApAUTOM HEWHQEKIIMOHHOTO TreHe3a y IaIu-
eHToB ¢ ADC, a TakKe pa3BUTHEM BO3MOKHBIX TPOM-
605MO0TIYECKHUX OCTIOKHEHUH.

MATEPUAJIBI 1 METO/1bI

B wuccienoBanue BKIIIOUEHBI 35 TAIMEHTOB
(32 sKeHIIUHBI, 3 MY>KUYUHBI) B BO3pacTe 43.0 + 13.9
roga ¢ H3. Ilpu 5TOM OCHOBHBIMHU IIpU3HAKaMH,
xapakrepusyomumu HO npu A®C, gBisAnmncy oTpu-
naTejbHas TeMOKYJIbTYpa, HOPMOTEPMUS U OTCYT-
CTBUE SIBHBIX HXOCKOTTUYECKUX ITPU3HAKOB HH(PHUITH-
poBaHus (YTOJIIIIEeHUE U YIIOTHEHHE CTBOPOK KJIaria-
HOB, MHUHUMAQJIbHASI PETYPTUTANUA). [lepBUYHBII
A®C nuarsoctupoBaH y 15 manueHTos (18.5 %), BTo-
PUYHBIN — Y 20 MAIUEHTOB C ayTOUMMYHHOU MaTo-
siorueit (24.7 %). Kpurepuu BKIIOUEHUS B UCCIIENO-
BaHme: Hasimuue sHokapaurta npu AOC. Bee manu-
€HTbI OBUIM OCMOTPEHBI U 00C/Ie/TOBAHbI Ha TIPEIMET
ayrouMMyHHOH matosioruu (ADC, peBMaTOUIHBIN
apTpUT, CHCTeMHAasi KpacHasl BOJIYaHKa, CKJIEPOJEP-

ment of the inflammatory response. Complement
and coagulation pathways are closely related to
each other; complement can be activated in patients
with APS and act as a cofactor in the pathogenesis
of thromboembolic complications [6]. Although the
mechanisms of complement activation in APS are
not fully understood, it is hypothesized that com-
plement activation by antiphospholipid antibodies
results in C5 cleavage to form Csa and Csb acti-
vated factors; C5a then promotes the production of
tissue factor by neutrophils, which, in turn, deter-
mines the procoagulant activity and inhibits fibri-
nolysis [7, 8].

The genetic predisposition to NIE in APS patients
remains a complex and poorly understood issue.
Associations of DR or DQ (groups of histocompati-
bility antigens) with the development of APS and
genetic risks of aCL production in 2-GPI polymor-
phism with the substitution of valine (247) for leu-
cine have been reported [9]. There is little data on
the association of single nucleotide polymorphisms
in the genes of hemostasis and the folate cycle with
the development of endocarditis in APS [10, 11].

AIM OF THE RESEARCH

Revealing of possible associations between poly-
morphisms of 18 candidate genes and non-infectious
endocarditis in patients with APS, as well as the
development of possible thromboembolic complica-
tions.

MATERIALS AND METHODS

The study included 35 patients (32 women,
3 men) aged 43.0 £ 13.9 years with NIE. At the same
time, the main signs characterizing NIE in APS were
negative blood culture, normothermia, and the
absence of obvious echoscopic signs of infection
(thickening and induration of valve leaflets, mini-
mal regurgitation). Primary APS was diagnosed in
15 patients (18.5%), secondary — in 20 patients with
autoimmune pathology (24.7%). Criteria for inclu-
sion in the study: the presence of endocarditis in
APS. All patients were examined for autoimmune
pathology (APS, rheumatoid arthritis, systemic
lupus erythematosus, scleroderma, mixed connec-
tive tissue disease). Rheumatological diseases were
diagnosed in accordance with modern international
APS criteria [1, 4]. The presence of APS signs in
patients without an autoimmune disease, neoplas-
tic or infectious origin of the disease served as the
basis for determining the primary APS (there were
no reliable clinical and serological markers of the
previously listed diseases). The diagnosis of NIE
was made after the exclusion of infectious origin of
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MUS, CMeIIaHHOe 3aboJieBaHHEe COENUHUTEIbHON
TkaHu). PeBMaTosiornuyeckre 3aboJieBaHUA JUATHO-
CTHUPOBAJIM B COOTBETCTBUU C COBPEMEHHBIMHU MeEXK-
nyHaponubsiMu kputepusamu ADOC [1, 4]. Hamuuwne
npusHakoB A®C y nanueHToB 6€3 ayTOMMMYHHOTO
3a00J1eBaHMs, HEOIIJIACTHYECKOTO MJIH MHMEKIMOH-
HOTO TeHe3a 3a00JIeBaHUS CIIYKUJIO OCHOBAaHHEM
Juta onipeienenus nepsudaaoro A®C (oTcyTcTBOBaIN
JTOCTOBEPHbIE KJIMHIYECKHUE U CEPOJIOTHUECKHe Map-
Kephl paHHee MepeYrCcIeHHbIX 3ab0aeBanui). Jna-
rH03 HO 6bUI mocTaBIIeH OCIIe UCKITIOUEeHU NHGEK-
IIMOHHOTO TeHe3a SH/OKApAUTa COIJIAaCHO KpHUTe-
pusim Duke [12]: orpuniaresibHbIe JaHHBIE OAKTEPHO-
JIOTHYECKUX UCC/Ie/IOBAHUM, HOPMOTEPMHUS U OTCYT-
CTBUE D5XOCKOTHYECKUX MPU3HAKOB WHQUIUPOBA-
HUA KianaHoB. [1pu HO BbIABIAINCE JIUIIB yTOIIIE-
HUe U YIUIOTHEHWE CTBOPOK KJIAIIAHOB, HE3HAUU-
TeJIbHAs perypruTaius, KpoMe TOrOo, He HabJro/a-
JIOCh TIPOTPECCHPOBAHUSA IOPOKA CEPALIA U APYTUX
OCJIOKHEHUN MH(EKIMOHHOTO 5H/IOKAP/NTA, TAKUX
KaK OTPBIBBI, Pa3PBIBBL, epopanuu u abcreanpo-
BaHHUE CTBOPOK KJIATIaHOB. KpUTEpPHU MCKITIOUEHUS:
OepeMeHHOCTh U HEZJaBHO IIepEeHECeHHBbIE OCTphIE
COCTOsTHUSA (TpaBMa, MOJIMXUMHUOTEPAITHS, XUPYPTHU-
YecKoe BMEIaTe1bcTBO). IHpopMupoBaHHOE COTIa-
cue OBLIO ITO/INMCAHO BCeMHU NaIlieHTaMu B COOTBET-
CTBUHU C STUYECKUMH CTAHJApTaMU XeJIbCUHKCKOM
JexIapanuu BeeMUpHON MeAWITMHCKOU accoIiya-
OUU «DTHYeCKHe IPUHITUIBI IPOBE/IEHUA HAyIHbIX
MEIUIIMHCKUX WCCJIEZIOBAaHUN C ydYacTUEM YeJsio-
BeKa». B KOHTPOJIbHYIO TPYIILy BOILIU 225 YCIIOBHO
3/I0POBBIX JIIO/Ie aHAJIOTUYHOTO BO3pacTa.

B paboTe wuCIONB30BAIUCH HHCTPYMEHTAJIbHBIE
METOZBI WCCJIEOBAHUA: PEHTTeHOrpadusi OpPraHoB
IPYAHOM KJIETKH, SX0KapAuorpadus, yIbTpa3ByKOBOE
HCCIIEIOBAaHUE OPTaHOB OPIOIIHOM IIOJIOCTH, IOYEK.
JlaHHBIE AHTHOMYJIBMOTpadUy, MYJIBTHCIUPATHHON
KOMITBIOTEDHOH TOMOTpPa(uH TOJIOBHOTO MO3Ta ObUTH
MIOJIy4eHbl C KCIOJIb30BaHWEM ToMorpada Siemens
Somatom Emotion 16 (Siemens, I'epmanus).

Tpom603 TIIyDOKHX BEH, apTepPUAJIbHBIE TPOM-
603bI OBLT TUATHOCTUPOBAHBI C TIOMOIIBIO YJIBTPa-
3BYKOBOT'O HUCCJIEZIOBAHUS COCY/IOB. YIbTPa3BYKOBOE
HceieloBaHNe cepAlla M COCYZOB IIPOBOAWIN Ha
ammapare Sonoline G60 S (Siemens, CIITA), B ofHO0-
MepHOM (M-Tum) u 1BymMepHOM (B-THI) pexnmax, ¢
IIOMOIIPI0 MMITYJIbCHOH W HEIPEPHIBHO-BOJHOBOU
Jlonieporpaduu.

T'enomnyro JJHK Bbeigenanu n3 6—10 MJI BEHO3-
HOU KpPOBH, C IOMOIIbIO (HEHOJI-XJIOPODOPMHOTO
Merona. IlomuMOpdHU3MBI T€HOB CHUCTEMBI T€MO-
cTaza u HOJIATHOTO IIUKJIA TECTUPOBAIH C IIOMOIIIHIO
nonuMepasHou nenHoi peaknwu (I11IP) B peann-
HOM BpeMEHM Ha TeCT-CHCTEMAax IPOU3BOJICTBA

endocarditis according to the Duke criteria [12]:
negative bacteriological data, normothermia, and
the absence of echoscopic signs of valve infection.
In NIE, only thickening and induration of the valve
leaflets, slight regurgitation were detected, in addi-
tion, there was no progression of heart disease and
other complications of infective endocarditis, such
as detachment, ruptures, perforations of the valve
leaflets, and local abscess formation. Exclusion cri-
teria: pregnancy and recent acute conditions
(trauma, polychemotherapy, surgery). Informed
consent was signed by all patients in accordance
with the ethical standards of the Declaration of Hel-
sinki of the World Medical Association: Ethical
Principles for Medical Research Involving Humans.
The control group included 225 apparently healthy
people of the same age.

Instrumental examination methods were used in
the study: chest radiography, echocardiography,
abdominal and kidneys ultrasonography. The data of
angiopulmography, multislice computed tomogra-
phy of the brain were obtained using a Siemens
Somatom Emotion 16 tomograph (Siemens, Ger-
many).

Deep vein thrombosis, arterial thrombosis were
diagnosed by ultrasound examination of vessels.
Ultrasound examination of the heart and blood ves-
sels was performed using a Sonoline G60 S device
(Siemens, USA), in M-type and B-type modes, using
pulsed and continuous-wave Doppler sonography.

Genomic DNA was isolated from 6—10 ml of
venous blood using the phenol-chloroform extrac-
tion. Polymorphisms of the genes of the hemostatic
system and the folate cycle were tested using real-
time polymerase chain reaction (PCR) and DNA
Technology (Russia) kits: rs6046 (10976 G>A) of
the F7 gene, rs5985 (103G>T) of the gene F13,
rs1800790 (-455 G>A) of the FGB gene, rs1799963
(20210 G>A) of the F2 gene, rs6025 (1691 G>A) of
the F5 gene, rs1126643 (807 C>T) of the ITGA2
gene, 1s5918 (1565 T>C) of the ITGB3 gene,
rs1799889 (-675 5G>4G) of the PAI-1 gene (SER-
PINE1), rs1801131 (1298 A>C) of the MTHFR gene,
rs1801133 (677 C>T) of the MTHFR gene, rs1805087
(2756 A>G) of the MTR gene, rs1801394 (66 A>G)
of the MTRR gene. Polymorphisms of the NOS3
(4a/4b) and ACE (rs1799752) genes were tested by
PCR with flanking primers; polymorphisms of the
CTLA4 (rs231775), MMP9 (rs11697325), PTPN22
(rs2476601) and IL6 (rsi800795) genes — using
PCR-RFLP (restriction fragment length polymor-
phism). Genotyping was carried out at the Research
Institute of Internal and Preventive Medicine (Novo-
sibirsk, Russia).
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«JTHK-texnomorusi» (Poccus): rs6046 (10976 G>A)
reHa F7,rs5985 (103G>T) rena F13, rs1800790 (-455
G>A) rena FGB, rs1799963 (20210 G>A) rena F2,
rs6025 (1691 G>A) rena Fj5, rs1126643 (807 C>T)
reda ITGA2, rs5918 (1565 T>C) rema ITGB3,
rs1799889 (-675 5G>4G) rena PAI-1 (SERPINE1),
rs1801131 (1298 A>C) rena MTHFR, rs1801133 (677
C>T) rena MTHFR, rs1805087 (2756 A>G) rena
MTR, 151801394 (66 A>G) rena MTRR. Ilosumop-
dusmbr renoB NOS3 (4a/4b) u ACE (rs1799752)
TecTupoBaIu ¢ tomo1bio TP ¢ pankupyommumn
nparimepamu; nosuMopdusmbel  reHoB CTLA4
(rs231775), MMPg (rs11697325), PTPN22
(rs2476601) u IL6 (rs1800795) — ¢ nmomoibio ITIP
[NAP® (momumopdusMa [JIUH PECTPUKIIMOHHBIX
¢parmeHTOB). I'€HOTHMIIMpOBAaHWE BBIMIOJHSIN B
HUU Tepanuu u poOUIAKTAUECKON METUITUHBI —
dummame MHCTUTYTA ITUTOJIOTUY U TeHeTUKU Cuoup-
ckoro otnenienuss PAH (HoBocubupck, Poccus).

CTaTHCTUYECKUHA aHAJIU3 IPOBOJUIUA C IIOMO-
b0 ITakeTa nporpamMmm SPSS, Bepcus 21.0. Pacnpe-
JleJIeHHEe YacTOT TeHOTHIIOB BCEX OJTHOHYKJIEOTHU/I-
HBIX IMOJIUMOP(GUZMOB B KOHTPOJIBHOU T'PYIITIE COOT-
BETCTBOBAJIO paBHOBeCHIO Xap/iu — Baiinbepra. Pac-
YeT BeJIMYUHBI OTHOIeHus maHco (OII) mpoo-
Jwin 1o Mmetony Bynbda — XoszeidiHa, KOTOPBIT
JIOITyCKAET PACUEThI IO TAOIUIE 2X2 JJIA CJIYYAEB,
KOr/ia XOTsI ObI O/fHA M3 siueeK TaO/IMIbl UMeeT 3Ha-
YeHUe «HOJIb». J[OCTOBEPHOCTh PAB3IUYMUN YaCTOT
U3yYaeMbIX IPU3HAKOB B AJIbTEPHATUBHBIX TPYIIIaxX
OIIpe/ieJIAIN 110 KPUTEPHIO X* ¢ MONpaBKoi Meiitca
Ha HENPEPBIBHOCTD U 10 JIBYCTOPOHHEMY BapHUaHTY
TOYHOTO Meroza duinepa AJIA UYEeThIPEXIOJIbHBIX
Ttabsun, — PTMF2. JIyis onleHKH pas3BUTHS TPOMOO-
sMmborueckux ociokHeHUU (TOO) ObLT mpoBeneH
OMBApUAHTHBIN JIOTUCTHYECKUU PpPEerpecCHOHHBII
aganmu3. CTaTHCTUYECKH B3HAYMMBIMU CUUTAIUCH
pasymyus Ipu p < 0.05.

PE3YJ/IBTATBI 1 OBCYKAEHUE

A®C ObLT MTOATBEPIK/IEH B COOTBETCTBUU C JUa-
THOCTHYECKUMHU KPUTEPUSAMU, TPOBOJIMJICA KIUHHU-
YEeCKUH W UMMYHOJIOTHYECKUH CKPUHUHT B 100 %
ciyyaeB. B rpynmne maumenTtoB ¢ HY ormeuasnuch
MMaTOJIOTHYECKHE U3MEHEHUs CO CTOPOHBI HEPBHOM,
CEPIEYHO-COCYAUCTOR CHUCTEMBI, TPOMOO3 COCYIOB
mianedTbl. OTIMYUTENIFHOM 0co0eHHOCThI0 HI
OBLIO TEYEHHE PENUTUBUPYIONUX TPOMOO30B, apTe-
puasbHble TPOMOO3HI CIEA0BATIN OAUH 32 PYTHM B
100 % ciiydaeB, TAKUM 00pa3oM, y OTHOH MaIfueHTKU
YacToTa PpeIUIUBUPOBAHUS OCTPBIX HapyIIEHUH
mo3roBoro kKpoBoobpamenuss (OHMK) mgocturana
BOCBMH 3TH30/10B (KaK/bIN MTOCJIEAYIONTAH HHCYIbT
MpoTeKaJ TsoKesee, TpeboBasics 6osiee TUTETbHBIA

Statistical analysis was performed using the SPSS
software package, version 21.0. The distribution of
genotype frequencies of all single nucleotide poly-
morphisms in the control group corresponded to the
Hardy-Weinberg equilibrium. The calculation of the
odds ratio (OR) was carried out according to the
Woolf-Haldane test, which allows calculations
according to the 2x2 table for cases where at least
one of the table cells has the zero value. Significance
of differences in the frequencies of the studied traits
in alternative groups was determined by the y* test
with a Yates’ continuity correction and by the two-
sided version of the Fisher’s exact test for four-field
tables — PTMF2. To assess the development of
thromboembolic complications (TEC), a bivariate
logistic regression analysis was performed. Differ-
ences were considered statistically significant at
p < 0.05.

RESULTS AND DISCUSSION

APS was confirmed according to diagnostic
criteria; clinical and immunological screening
was performed in 100% of cases. In the group of
patients with NIE, there were pathological
changes in the nervous and cardiovascular sys-
tems, thrombosis of the placental vessels. A dis-
tinctive feature of NIE was the course of recurrent
thrombosis, one episode of arterial thrombosis
occurred after another in 100% of cases, thus, in
one patient, the frequency of recurrence of acute
cerebrovascular accident (ACVA) reached eight
episodes (each subsequent stroke was more
severe, a longer recovery period was required). In
25% of cases, obstetric failure was noted (recur-
rent miscarriage in the second and third trimester
(detected in one third of women with NIE), recur-
rent spontaneous abortions, intrauterine fetal
death, preeclampsia, preterm birth (p = 0.01)).
The development of various neurological mani-
festations aroused our greatest interest: thrombo-
sis of intracerebral arteries leading to stroke,
transient ischemic attack without significant neu-
rological disorders, convulsive syndrome with
multi-infarct dementia (at later stages and in
elderly patients), and mental disorders (depres-
sive states). The most significant TEC of non-
infectious endocarditis were ischemic stroke and
myocardial infarction — 23.47 and 8.64% of cases,
respectively.

As for ultrasound examination, the damage to the
heart valves is associated with the presence of aCL,
and is characterized by minimal changes — minor
regurgitation, thickening of the valve leaflets, small
and mobile vegetations, which is typical for NIE.
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BOCCTAHOBUTEJIbHBIN ITepuoxn). B 25 % ciryuaeB otme-
YJaJINCh aKyllepcKas MaToaorus (IPUBbIYHOE HEBBI-
HaluBaHUe OEPEMEHHOCTH BO BTOPOM U TPETHEM
TpuMecTpe (BBIABIEHO y TpeTH KeHIuH ¢ HD),
penuIuBUPYIOIINE CIIOHTAaHHBIE a0OPThI, BHYTPUY-
TpoOHAasi THOENh IIO/IA, MPEIKIJIAMIICHS, IPEXK/IEB-
peMenHbIe posbl (p = 0.01)). Haubospmmit maTEpEC
BBI3BAJIO PA3BUTHE Pa3HOOOPA3HBIX HEBPOJIOTHYE-
CKUX MPOSIBJIEHUH: TPOMO03 BHYTPUMOBTOBBIX apTe-
puii, TPUBOASAIINN K HHCYJIBTY; TDAH3UTOPHAS HIIIe-
MuuecKas aTaka 0e3 ApKHUX HeBPOJIOTHYECKUX Hapy-
[IeHUH; CYyZOPOKHBIN CUHAPOM € MyJIbTUHHQAPKT-
HOU JeMeHnuel (Ha OoJiee TO3THUX CTaUSIX U Y
MIOXKUJIBIX [TAIIIEHTOB) U IICUXUYECKUMU HapYIIeHU-
MU (JlempeccUBHBIMHU cocTostHUsIME). HaubGootee
3HaYUMbIMU TOO HenHGPEKIMOHHOTO YHA0KAPAUTA
ObUTM HINIEMUYECKUH WHCYJIBT W WH(OAPKT MHO-
Kapaa — 23.47 u 8.64 % ciaydaeB COOTBETCTBEHHO.

OXOCKOIIMYECKN MOpaKEHNE KJIAaHOB CepAla
acconmupoBano ¢ HamnuueM AKJI u xapakrepusoBa-
JIOCh MUHUMQIBHBIMUA W3MEHEHUSIMH — He3HaUH-
TeJbHAS PETyPrUTAlLs, YTOJIIEHIE CTBOPOK KJIara-
HOB, MeJIKHE U IIOJ[BIJKHBIE BETETAINH, YTO Xapak-
TepHO 11 HI. Jlna maumentoB ¢ HO xapakTepHO
MHOTOKJIATIaHHOE TTOpaskeHue MUTpabHOTO (88.8 %
CJIyJaeB) U aOpTAJIBHOTO (51.3 %) KJ1araHoB (p = 0.03).

[Tpu sHAOKapANTaX HEMH(MEKIIMOHHOTO reHe3a y
MMAIMeHTOB PAa3BUBAIOTCS CHHAPOM JIHCCEMIHUPO-
BAaHHOTO BHYTPHCOCYZIICTOTO CBEPTHIBAHUS, TUIIEP-
KOAryJISIs, TPOMOOITUTOIIEHUSI U THIIEPTOMOITUCTE-
u"emusd. C HanuyreM B KpoBU BA u aHTUTEII K Kap-
JIUOJINTINHY AacCCOLMUpYyeTcss CKJIOHHOCTh K TI0,
BCJIEJICTBUE HAJTUYUS TOPAKEHUSI CEPEUHbBIX KJIama-
HOB, UX JleopMaIui U PaCTsDKEHUs TpoMOoTHUe-
ckumu Maccamu. Cpeznue sHadeHusa BA m BA) y
namueHToB ¢ HO cocraBmin 1.07 + 0.21 1 1.04 + 0.19
COOTBETCTBEHHO (IMATHOCTUYECKU 3HAUYUMBIA YpPO-
BeHb BA — Oosee 1.09). IlpuumHaMui HapyIeHUs
MUKDPOIUPKYJIAIUN  SBJSIOTCI  MUKPOTPOMOO3HI,
peMo/ieTMpOBaHe MUKPOCOCYZIOB (M3MEHSIETCS Te0-
MeTpust COCYZIOB). l'uneppubpuHOTEHEMUSA
(4.24 + 1.3 T/71) ABJIAETCSA CAMOCTOSATETHHBIM (hAKTO-
POM M3MEHEHUs PEOJIOTHUECKHUX CBOMCTB KPOBH KaK
KOMITOHEHT IJIa3MEeHHOT'0 TeMOCTas3a.

[Tpu u3yueHNU posIu MOIUMOPHUZMOB 18 TEHOB-
KaHAUAATOB B pa3BUTHH HO BBIABIIEHO, UTO ITOJIU-
MopdusMsel 1s6025 (1691 G>A) rena F5, 4a/4b rena
NOS3, rs1800795 rena IL6, rs1805087 (2756 A>G)
reHa MTR [OCTOBEpHO AaCCOLIMUPOBAHBI C pa3BU-
THeM KJIAIIAaHHOTO IopaskeHus. Kak n3BecTHO, Hapy-
meHue GoJaTHOTO ITUKJIA CIIOCOOCTBYET TUIIEPTrOMO-
[OUCTENHEMUH, UTO MOKET IIPUBOJUTH K THIIEPKOA-
ryJsnud 1 GOPMUPOBAHUIO TPOMOOTHUECKUX Mace
Ha cepaeuHbIx kiamaHax [13]. Few MTR xomupyet

Patients with NIE are characterized by multivalvular
damage of the mitral (88.8% of cases) and aortic
(51.3%) valves (p = 0.03).

Patients with non-infectious endocarditis
develop a syndrome of disseminated intravascular
coagulation, hypercoagulability, thrombocytopenia
and hyperhomocysteinemia. The presence of LA
and antibodies to cardiolipin in blood is associated
with a tendency to TEC, due to the existing damage
to the heart valves, their deformation and disten-
sion by thrombotic masses. The mean values of LA
and LA, in patients with NIE were 1.07 + 0.21 and
1.04 * 0.19, respectively (the diagnostically signifi-
cant level of LA was more than 1.09). The causes of
microcirculation disorders are microthrombosis,
remodeling of microvessels (changes in the geome-
try of vessels). Hyperfibrinogenemia (4.24 + 1.3 g/1)
is an independent factor in changes in the rheologi-
cal properties of blood as a component of plasma
hemostasis.

When studying the role of polymorphisms of
18 candidate genes in the development of NIE, it
was found that polymorphisms rs6025 (1691 G>A)
of the F5 gene, 4a/4b of the NOS3 gene, rs1800795
of the IL6 gene, rs1805087 (2756 A>G) of the MTR
gene are significantly associated with the develop-
ment of valvular lesions. As is known, folate cycle
disturbance contributes to hyperhomocysteinemia
which can lead to hypercoagulability and the forma-
tion of thrombotic masses on the heart valves [13].
The MTR gene encodes the amino acid sequence of
methionine synthase, one of the key enzymes of
methionine metabolism, catalyzing the formation of
methionine from homocysteine by its remethyl-
ation. Carrying the genotype AA rs1805087 (2756
A>G) of the MTR gene more than doubles the risk of
developing sterile vegetations and, accordingly,
determines the non-infectious genesis of endocardi-
tis (OR = 2.22, 95% confidence interval (CI) 1.11—
4.45, p = 0.03) (Fig. 1).

In the presence of the Leiden mutation, the
coagulation factor V (FV) is not cleaved by the
physiological anticoagulant protein C which leads
to an increase in the concentration of F5 in the
blood serum. The number of carriers of the FV
Leiden mutation (genotype GA) was significantly
increased in NIE (8.9 vs. 3.6% in the control group,
p = 0.04) (Fig. 2). Thus, if patients with NIE have
the FV Leiden mutation, it can be argued that GA
polymorphism is associated with the formation of
vegetations on the valvular heart apparatus. Taking
into account the fact that results may affect the
treatment and prognosis, the genetic testing is
indicated for relatives of NIE patients from risk
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AMUHOKUCJIOTHYIO MIOCJIEIOBATETFHOCTh METHOHUH-
CHHTAa3bI — OJTHOTO U3 KJII0UYEBBIX (PepMEHTOB OOMeHa
METHOHWHA, KaTAJIU3UPYIOIIEro 00pasoBaHUE METH-
OHHMHA U3 TOMOIIUCTENHA IIyTEM €TI0 PEMETUIINPOBA-
nus. HocurenbserBo renoruna AA rsi805087 (2756
A>G) rera MTR 6GoJiee ueM B 2 pasa yBEJIUUYNBAET
PHCK Pa3BUTHs «CTEPUJIBHBIX» BETeTAIlUH M COOT-
BETCTBEHHO OIIpeJieisieT HeMH(EKIMOHHBIN TeHe3
supokapauta (Ol = 2.22, 95% AOBEpPUTEIbHBIN
uHTepBaI (1) 1.11—4.45, p = 0.03) (puc. 1).

[Tpu Haytmunu myTtaruu JleigeH GakTop CBepThI-
Bauus 5 (F5) He paciiemnisercss GU3HOIOTUUECKUM
anTukoarysisTHTOM C, 9YTO MIPUBOJUT K MOBBINIEHUIO
KoHIleHTpanuu F5 B cbiBopoTKe KpoBU. KostmuecTBo
HocuTese myranuu Jleiaen (remorun GA) mocto-
BepHO yBesmueHo mpu HI (8.9 mpotus 3.6 % B KOH-
TPOJIBHOM TpyIIIie, p = 0.04) (puc. 2). Takum obpa-
30M, TP HAJITUYHH y TTarueHToB ¢ HD myrarun Jlei-
JleH MOXKHO YTBep:KJaTbh, 4To nojumopdpusm GA
accolrMupoBaH C¢ (OpMHUPOBAHWEM BeTeTAIUA Ha
KJIalITaHHOM armapare cep/ilia. YUUThIBasA TOT (PaKT,
YTO Pe3YJIBTAThl MOTYT IOBJIUSTH HA JIEUEHUE U IIPO-
THO3, TEHETUUYECKOe 00CIIe/IOBaHUE TTOKA3aHO POJI-
CTBEHHMKaM TManueHToB ¢ HY m3 rpymmbl pucka
(ropMoHaIbHAST KOHTpAaIenius, 6epeMeHHOCTh, B
CEMBSIX C PENIUAUBUPYIONUMU BEHO3HBIMH TPOMOO-
3aMU B MOJIOJIOM BO3PAcCTe).

Kak paHee ObBLIO TOJTBEPKAEHO, W3OBITOUHAS
MPOAYKIUsI MPOTPOMOWHA ABJsAETCA (HAKTOPOM
pucka nHdapKTa MHOKap/ia, BEHO3HBIX TPOMOO30B,
B TOM 4YHcje TPOMOOIMOOIUU JIETOUHOU apTepHH,
YacTO UMEOIIEN CMePTEIbHBIN ucxo. Takke siBJIs-
ercs JAUCKyTabeJabHBIM BOIPOCOM POJIb IOJUMOP-

% 80.00 -
70.00 - 68.00 (p = 0.03)
60.00
50.00
40.00
30.00
20.00
10.00
0.00
HenndekinoHHbIN
SH/TOKAP/IUT
Non-infectious
endocarditis

groups (hormonal contraception, pregnancy, fam-
ily history of recurrent venous thrombosis at a
young age).

As previously confirmed, an excessive production
of prothrombin is a risk factor for myocardial infarc-
tion, venous thrombosis, including pulmonary
embolism, which is often fatal. The role of the
rs1799963 (20210 G>A) polymorphism of the F2
gene in the development of arterial thrombosis is
also a debatable issue [14]. Among our patients with
NIE, there were no carriers of the prothrombogenic
polymorphism AG of the F2 gene.

The IL6 gene encodes the interleukin-6 protein,
which is involved in the development of the immune
response, triggering the acute phase of inflamma-
tion. The CC genotype indicates a significantly
reduced expression of the IL6 gene. Presumably, in
the case of damage to the valvular heart apparatus
in APS, an excessive production of IL-6 due to an
autoimmune reaction causes valvulitis, followed by
the formation of sterile vegetations. We have shown
that the NIE group is characterized by a decrease in
the frequency of the CC genotype (OR = 0.28, 95%
CI 0.08-0.96, p = 0.03). Accordingly, the CC geno-
type can be considered conditionally protective
against the non-infectious endocarditis develop-
ment.

In the study of polymorphisms of the NOS3 syn-
thase gene, the frequency of carriage of the 4b/4b
genotype of the NOS3 gene in the group of healthy
individuals was higher than in patients with endo-
carditis, i.e. the presence of the 4b/4b genotype of
the NOS3 gene reduces the likelihood of developing

B GG
HGA
mAA*

Koutposnbnaas

rpymmna
Control group

Puc. 1. YacToTsl reHOTHIIOB mostuMopdusma rs1805087 (2756 A>G) rena MTR
B KOHTPOJILHOH I'PYIIIIE U B TPYIIIE C HEMH(PEKIMOHHBIM 3H[0KapauToM (¥ p < 0.05)
Fig. 1. Frequency rate of genotypes of rs1805087 polymorphism (2756 A>G) of the MTR gene
in the control group and in the group with non-infectious endocarditis (* p < 0.05)
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Puc. 2. YacToThl reHOTUIIOB HosIuMopdusMa rs6025 (1691 G>A) rena F5
B KOHTPOJIbHOU I'PYIIIE U B IPYIIIe ¢ HeMH(PEKITHOHHBIM 3HA0KapAUTOM (¥ p < 0.05)
Fig. 2. Frequency rate of genotypes of rs6025 (1691 G>A) polymorphism of the F5 gene
in the control group and in the group with non-infectious endocarditis (* p < 0.05)

dusma rs1799963 (20210 G>A) rena F2 B pa3Butuu
aprepuajbHOTO TpoM6OO03a [14]. Cpeiy HAITUX TaIu-
eHTOB ¢ HD HocuTesell mpoTpoMOOTeHHOTO IMOJIU-
mopdusma AG rena F2 He 0Ka3ayioch.

Ten IL6 xomupyeT 0OesIOK UHTEPIEHKUH-6, KOTO-
PbI yJ4acTByeT B pa3BUTHU KMMYHHOTO OTBETA, 3aITy-
ckas octpyio ¢asy Bocnanenus. 'enotun CC cBuze-
TEJILCTBYET O 3HAYNTEIBHO CHIDKEHHOU HKCIIPECCUU
reHa IL6. I1peATionoKUTENTBHO B CIyuae opaXkeHus
KJIammaHHoTO anmnapara cepana mpu AOC u3obITouHas
npoxykmusa IL-6 BeiencTBre ayTOMMMYHHOU peak-
[IFY BBI3BIBAET BAJIBBYJIUT C MOCIIEAYIOIIUM (POpMU-
pOBaHHEM «CTEPUIbHBIX» Bereranuii. Hamu moxa-
3aHO, 4TO /I Ipynnbsl HO xapakTepHO CHIKeHHE
yacrotsl reHoruna CC (OII = 0.28, 95% M 0.08—
0.96, p = 0.03). CootBeTcTBEeHHO, TeHOTUIT CC MOKHO
CYUTATh YCJIOBHO IIPOTEKTUBHBIM B Pa3BUTUH H/I0-
KapauTa HeMH(PEKITUOHHON ITPUPO/IBI.

I[Ipn wuccremoBaHUM MOJIUMOP(OU3MOB TeHa
cuHTa3bl NOS3 4acToTa HOCHTEJILCTBA T'€HOTHIIA
4b/4b rena NOS3 B rpyI1iiie 3/[0pOBBIX JIUI OKa3a-
Jlach BBIIIIE, YeM Y MAIMEHTOB € SHJAOKApPAUTAMU,
T.e. Hajuuue reHoruma 4b/4b rera NOS3 ymeHb-
maeT BepoATHOCTH pa3putus HI (OIIl = 0.44, 95%
TN 0.22-0.9, p = 0.03) (puc. 3).Takum ob6pazom,
CHUKEHUe COZIepKaHUA OKCHJla a30Ta HapyllaeT
HOpMaJIbHOE (PYHKITMOHHPOBAHHUE COCY/IOB, ITOBBI-
[IaeT TOHYC COCYAHUCTOM CTEHKH H YCUJIUBAET
TpoMOooOpa3oBaHue, a yBeJIUUYEHHE AKTUBHOCTHU
NOS3 ABnseTca NPOTEKTUBHBIM (PAKTOPOM B pas-
Butuu HI.

Cpenn  TpoMOOAMOOJHMYECKHX  OCIOKHEHHUH
HenHQEKITMOHHOTO 3HIOKapJUTa Hauboyiee JacTo
OTMeYaeTcs UIIEMUYECKOe IOpaKeHue TOJO0BHOTO
mozra. Puck TOO acconumpoBaH ¢ pasMepaMu U

NIE (OR = 0.44, 95% CI 0.22—0.9, p = 0.03) (Fig. 3).
Thus, a decrease in the content of nitric oxide dis-
rupts the normal functioning of blood vessels,
increases the tone of the vascular wall and enhances
thrombosis, while an increase in NOS3 activity is a
protective factor in the development of NIE.

Among the thromboembolic complications of
non-infectious endocarditis, ischemic brain lesion is
the most often noted. The risk of TEC is associated
with the size and mobility of vegetations, hereditary
burden and the presence of recurrent thrombosis.
According to the logistic regression data, we revealed
associations of polymorphisms rs1126643 (807 C>T)
of the ITGA2 gene (OR = 2.09, 95% CI 1.14—3.85,
p = 0.02) and rs1799889 (-675 5G>4G) of the PAI-1
gene (SERPINE1) with the development of thrombo-
embolic complications (ACVA) at NIE (OR = 4.12,
Cl 1.25-13.63, p = 0.02).

Thus, we have identified polymorphisms of can-
didate genes that determine the clinical and hemo-
stasiological characteristics of non-infectious endo-
carditis and contribute to the assessment of the risk
of its development.

CONCLUSION

Among the candidate genes of non-infectious
endocarditis, the polymorphisms rs6025 (1691
G>A) of the F5 gene, rs1805087 (2756 A>G) of the
MTR gene (folate cycle) turned out to be significant.
Among conditionally protective candidate genes of
non-infectious endocarditis, polymorphisms 4a/4b
of the NOS3 gene, rs1800795 of the IL6 gene have
shown their significance. Given the course of hyper-
coagulation and hyperaggregation, one third of
patients may be at risk of developing thromboem-
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Puc. 3. YactoTs! reHOTHTIOB 4a/4b rera NOS3 B KOHTPOJIBHOM TPYIIIE
U B TPyIIIe ¢ HeMHGEKIIMOHHBIM dHI0KapaAuTOM (¥ p < 0.05; * p < 0.03)
Fig. 3. Frequency rates of 4a/4b genotypes of the NOS3 gene in the control group
and in the group with non-infectious endocarditis (* p < 0.05; * p < 0.03)

MTOZIBUKHOCTHIO BEreTaliii, Hac/IeJICTBEHHOH OTsATO-
IIIEHHOCTHIO ¥ HAJIMYHEM PEIUUBUPYIOIIETO XapaK-
Tepa TpoM6O30B. Il0 MAaHHBIM JIOTHCTHYECKOU
perpeccry HaMHM YCTaHOBJIEHBI ACCOITMAIIUY TTOJIH-
mopdusMoB 151126643 (807 C>T) rena ITGA2
(OII = 2.09, 95% IOU 1.14-3.85, p = 0.02) u
rs1799889 (-675 5G>4G) rena PAI-1 (SERPINE1) ¢
pa3BUTHEM TPOMOOIMOOTUUECKUX  OCTOKHEHUH
(OHMK) mpu H3 (OLI = 4.12, 1 1.25-13.63,
p =0.02).

Takum 00pa3oM, HaMH BBISBJIEHBI IOJIAMOP-
uzmbI TeHOB-KaH/IU/]aTOB, OIIpeEISIONIe
KJIMHHUKO-TEMOCTA3U0JIOTUUECKHE XapaKTEPUCTUKHU
HenH(EKIMOHHOTO 3HOKAP/IUTA U CIOCOOCTBYIO-
II[1€ OIlEHKE PHUCKA ero Pa3BUTHS.

3AK/IOYEHUE

Cpenni TEHOB-KaHAWJATOB HEWHQMEKIMOHHOTO
SH/IOKAp/IUTa 3HAYMMBIMH OKa3aJIHCh ITOJIIMOP-
dusmbr rs6025 (1691 G>A) rena F5, rsi805087
(2756 A>G) rera MTR (domarHoro nukia). Cpeau
VCJIOBHO IIPOTEKTHBHBIX T€HOB-KAH/IU/IATOB HEWH-
(heKIMOHHOTO SHA0OKAP/INTA IOKA3a/TH CBOIO 3HAUM-
MOCTh moiuMopdusamel  4a/4b  rema NOS3,
rs1800795 rena IL6. YUuThIiBasi TeueHUe TUIIEPKOa-
KyJISIIIMK W TUIEeparperanyiu, y TPEeTH Ial[ieHTOB
BO3MOJKEH PHCK Pa3BUTHSA TPOMOOIMOOTUUECKHUX
ocynoxkHeHu . JI1a 2 moauMopdu3MOB — 151126643
(807 C>T) rena ITGA2 u rs1799889 (-675 5G>4G)
reda PAI1 (SERPINE1) BbIBJIEHA acCCOIHAIIUS C
TpoMOOAIMOOJTNUECKUMHU  OCTIOKHEHUAMH (OCTpoe
HapyllleHrue MO3TOBOT0 KpoBoobpareHus) npu HI.
Takum 0oOpa3oM, OJTHUM U3 HAIpaBJIEHUH B CO37a-

bolic  complications. @Two  polymorphisms,
rs1126643 (807 C>T) of the ITGA2 gene and
rs1799889 (-675 5G>4G) of the PAI1 gene (SER-
PINE1), were found to be associated with thrombo-
embolic complications (acute cerebrovascular acci-
dent) in NIE. Thus, one of the directions in creating
a panel of risk markers for the development of TEC
in endocarditis is the study of the parameters of the
hemostatic system. Additional research is needed to
better understand the effect of aCL on the activation
of factors contributing to the development of throm-
bosis, to find more accurate prognostic biomarkers
to identify patients with the highest risk of throm-
boembolic complications associated with the pres-
ence of APS. It is advisable to perform genotyping
of some single nucleotide polymorphisms in
patients with APS (at risk for developing non-infec-
tious endocarditis).

Financing. The research was carried out
according to the State task within the framework of
the budget topic of the Research Institute of Inter-
nal and Preventive Medicine — Branch of the Fed-
eral Research Center Institute of Cytology and
Genetics, Siberian Branch of the Russian Academy
of Sciences No. AAAA-A17-117112850280-2. The
work was partially supported by budget projects
No. 0324-2018-0002 and No. 0324-2017-0048
(isolation and storage of DNA, genotyping of single
nucleotide polymorphisms).

Conflict of interest. The authors declare no
conflict of interest.

Journal homepage: http://jsms.ngmu.ru

59



Baxapesa IO.C. u dp. / Journal of Siberian Medical Sciences T. 6, N 2 (2022)

HHUU IIaHeJIM MapkepoB pucka pasButusa TIO npu
SHJIOKAPJIUTAX ABJAETCA HCCIeI0BaHNE Iapame-
TPOB CHUCTEMBI reMocTa3a. Heo6X0AUMBbI TOMOTHU-
TeJIbHBIE UCCIIEOBAHMS, KOTOPBIE TIO3BOJIAT JIyUIIle
noHATh BausgHue AKJI Ha akTuBamnuio ¢$akToOpoOB,
CIIOCOOCTBYIONUX PAa3BUTHUIO TPOMOO30B, HAUTH
0oJiee TOYHBIE IPOTHOCTUYECKHE OHMOMAapKepHI NI
BBISIBJIEHUS TAIMEHTOB C HAWOOJIBIINM PUCKOM
TPOMOOSMOOIMUECKUX OCTIOKHEHUH, aCCOIMUPO-
BaHHbBIX ¢ HastmuueM ADC. Ilemecoobpa3HoO IPOBO-
JIUTh TE€HOTUIIMPOBAHNE HEKOTOPBIX OHOHYKJIEO-
TUAHBIX TOAUMOPOU3MOB y manueHToB ¢ ADC
(rpymmsl prcKka pa3BUTHS HEMH(PEKITNOHHOTO SH/IO0-
Kap/iuTa).
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